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ABSTRACT

The partition function corresponding to an
equation of state for a high~temperature, high-
density gas suggested by J. 5. Rowlinson has
been derived. The equations for selected ther-
modynamic properties of the gas are obtained
from this partition function using statistical
thermodynamics. These equations are used to
calculate results for the case of hydrogen in the
range of temperature between 500°K and 3000°K
and in the range of density between 1 and 2000
amagats.
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THEORETICAL THERMODYNAMIC PROPERTIES OF GASES AT
HIGH TEMPERATURES AND DENSITIES WITH NUMERICAL
RESULTS FOR HYDROGEN

J. R. Baker, W. H. Geatches, ¥ and H, F. Swift?

INTRODUCTION

An equation of state for high-temperature, high-density gases has been suggested by
Rowlinson (1), The partition function corresponding to this equation has been derived,
from which has been calculated the hydrogen-gas properties reported here. The signifi-
cance of this equation «f state is that it accounts for the temperature and density depend-
ence of {a) the two-body, intermolecular forces and (b) the volume occupied by the
molecules.

An equation of state which includes these effects can be derived in principle from
either of two thermodynamic relationships, One, which will be referred to as the pres-
sure eguation, comes from the fact that the internal energy of a gas is composed of two
parts., The {irst part is associated with the kinetic energy which is independent of inter-
molecular forces and corresponds to the ideal gas term:. The second part is associated
with the intermolecular forces and depends on the radial distribution function of the gas
molecules yir) and the molecular potential .(r) Or intermolecular forces -det(r} Jr,
This pressure equation is (2)

2 =

A
prlo- -8
r RT P [ gir)

~0

dz{r)

= tvedde . (1)

where A, is Avogadro's number.

The second relationship from which one can obtain an eguation of state for a real
gas was developed by Ornstein and Zeraike (3) and will be referred 1o as the compressi-
bility equation;

~ﬂ’l~'> i ——,—OI fgtey < 1itmet e 2)
-~

Both equations make the assumptions that (a) all intermolecular forces are two-body
irrces only, (b) the intermolecular potential is spherically symmetric and, therefore, only
a function of radial distance, and (¢) classical mechanics applies. The radial distribution
function, if correct, should yield the same result {from both Egs. (1) and (2). This agree-
ment has not been possible to achieve, because an exact solution requires the consider-
ation of three-body interactions. Percus and Yevick (4) have suggested an approximation
in which three-body interactions are taken in pairs. Using the Percus-Yevick equation,
Thiele (5) has obtained, from Eqgs. (1) and (2), respectively, the following two equations of
state for a gas of hard spheres, i.e., molecules with a square-well potential:

*U.S. Naval Academy, Annapolis, Md,
tWork done while at NR1.; now at the University of Dayton, Dayton. Qhio

tThe lower case symbols v, v by oo,y o, and v arv quantities per unit moie,
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where £ =5,/4u, in which 8, = (2/3)7N, ¢ %, is related to the volume occupied by the mol-
ecuies, with r, being the molecular radius. Thiele observes that Eq. {4) gives a some-
what better resuit than Eq. (3). The "exact,” machine-calculated results lie between the
two. Both equations fail near the density of close packing, since no phase transition is

! predicted.

Rowlinscn has extended Thiele’s work to the case of a compressible molecule by
replacing the square-well potential with the Lennard-Jones [ 2.2} potential;

o e )

where -« {8 the minimum value of ¢ at » =-,. Rowlinson chooses to solve Eq. {2), since
according to Thiele it leads to better results than Eq. (1), by equating the integrals with
the square-well potential to thoge with the Lennard-Jones potential on the assumption
that the temperature is sufficiently high, l.e., T > 12¢ k. The equations will then define
o, the equivalent nondimensionalized, hard-sphere radius, and will have the form

o (-
d { -1V dp :j [e"‘”“”'l] PV dp (6)
1]

~a

! where o-»’r  and ~ is an exponent in the range o < « < n/2. Rowiinson has shown that if
: a sufitable expaasion of the right side of Eq. {6) is made with the variable z= /47 and if
terms greater than the order 1°n are neglected, then o is independent of ~ and is given

by
g-:.f_:;'”{l&ll-\z)}. (n
. R
i where
N S tmo ) 22man ®)
Rz =y, -2ver oD e {2m)!
I m=1

in which », is Euler's constant, The {ixad radius of a rigid sphere can now be replaced
i by the variable radius r - r =, so that 4 ¢3:1 be substituted for 5, and ¢ for ¢ _; therefore,

o

4 1 /2 1 /2
R il b L PR BT B VPR PR N
vl ) Py (3 o' )

Since (2 31 -5, r! - b, and using Eq. (7) to eliminate -, then

T
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The equation of state is given either by Eq. {3) or {4} wita 7, replaced by 7.

Choosing » as 12 gives the usual Lennard-Jones [6, 12] potential and

, b ottt 10
22 [x*l, e 10)

>

By specifying the equation of state of a gas, the various thermodynamic properties
are specified. Commonly used thermodynamic relationships involva the derivatives of
these properties with respect to the state variables (P, v. ), however, and must therefore
be integrated. For an equa‘ion of state such as Eq. (3) or {4), these integrals would be
difficult or even impossible to solve analytically.

A more satisfactory approach was found through the use of statistical thermodynam-
ice which related all properties, including the equation of state, to derivatives of a total
partition function ¢. The relationship for the equation of state is

LA ) (11)
P {Z»: in Q)T,N,f,'

By substituting either Eq. (3) or (4) for ¥+ #7, Eq. (11) can be integrated to yield an
analytic expression for those terms of the partition function which depend on .. From
this result, the contribution of the intermolecular forces to the thermodynamic proper-
ties of interest can be determined {see Appendix A).

THE PARTITION FUNCTION

The total partition function is compaosed of factors, each of which is associated with
a particular type of energy of the gas molecule. To construct the total partition function,
the appropriate component partition functions corresponding to independent energy modes
are simply multiplied together. In this way the equations are easily altered for different
types of molecules {e.g., monatomic and diatomic) or to account for phenomena at different
energies of interest (e.g., rotation-vibration or electronic excitations). For a diatomic
gas between 500°K and 3000°K and between ! amagat and 2000 amagats, the total partition
function is composed of the following energy-related factors (dissociation and ionization
are considered to be negligible in this range):

translational:

Q - ﬁ (27mkT) 32 (12)
potential:
g, - L1-gefae ! (13)

rotational - vibrational:

Tmax W or 2 .y
- € K - €
Uo = 2 Z‘ @j+e ™ 43 Z(zi*l)e 1k (14)

nag J j
(eves) {odd)

,,,,,, s e e Ce .
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where ¢, s the usual partition-funetion term for an ideal gas; ¢, is the factor due to the
intermolecular forces as obtained by integrating Eq. (11}, with fq. {4) as the equation of
state, Le., for P RF=¢1+ &40 41 - 833 2 is the standard quantumn mechanical term
for rotatiom-~vibration eifects including that of para~hydrogen and ortho-hydrogen; ¢, i5
the envrgy level of the molecuie and includes both anharmonicity in the vibration and
rotation-vibration interaction; <, 'k is given by

O O T | P

4

Y

'1'(_5' + I}-I‘;
/

5

rd b
2] -

G VR -G e D - e I T

where 8, _,a/, Bi, D¢, and #,; are the ugual constants characteristic of the gas muitiplied
by kc/k ; and a,, 18 the guantum number of the maximum vibrational energy level due to
dissociation. The total partition function for »; in distinguishable particles is Q. - ¢%. vy
Where ¢ = Q‘QBQI'OA

THERMODYNAMIC FUNCTIONS

Having specified the total partition function, it is now possible to obtzin any thermo-
dynamic function using fundamental statistical thermodynamic relationships. Those
functions of particular interest are the compressibility, the specific internal energy, the
specific enthalpy, the specific entropy, the specific heat capacities at constant volume
and pressure, and the sound speed. They are given, respectively, by the following
equations:

ﬁ:g(;lna) = g, (15)
RT ) T
v (9in QY 3 _ .
5-(3“ T) =g +Z-n - pQ, {16)
A_w B, (17)
BT RT RT RT
%: f—:’:-l'lp;??- v ] (18}
4
¢ .
R e (0 ) o, O
v
e, ¢, 1 au) (ar) e, ZL1-32)? ,
f‘"iz"fz[’“(av T] TR T aezy v (20)
2 2 p] Py
at = - -"; (?5) - er (;P)r = 21+ 2 (—:—T) (21)

where

st AR (22)
(hef)"
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z 2(45) (23)

and 0 and 9? are operators deflined by

o7 (3

R

) sws or = (L) 24)

HYDROGEN PROPERTIES

The following properties of hydrogen gas, using Eq. {4) for the equation of state as
suggested by Rowlinson, have been evaluated as a function of density (1 < » < 2000 ama-
gats} and temperature (500°K = 7 = 3000°K): pressure 7, compressibility Z, specific
heat capacities at consiant volume ¢, and constant pressure ¢ , sound speed o, specific
iniernal energy «, specific enthalpy A and specific entropy s. The latter three quantities
are presented as relaiive to their va.iues at o= 1 amagat and T = 273.16°K, which are
denoted as « , 4, and », respectively.

The upper limit on density has been selected so as not to approach too closely the
close~packing deneity given by & = =T s = 0.73 {(Ref. 5), For 500°K =7 = 3000°K,
this would mean that 3300 < <_,, = 4300 amagats. The upper limit on temperature has
been selected so as o avoid any significant molecular dissociation, and the lower limit
on temperature is set by the approximation in the theory that 7 > ne 4 ~450°K. Table 1
is a listing of the constants used in the calculations and their sources. The properties of
hydrogen are presented in Tables 2 and 3. The temperature and density intervals in
these two tables have been chosen so that the error using linear interpolation will be
less than 0.1% in almost all cases, with the exception of relative entropy in the vicinity
of zero,

A comparison of these results (6) with other published equation of state data for hy-
drogen (7), {8}, (3) shows close agreement. Divergences appear only at the higher end of
the density range. For the purpose of this comparison, a value of §, /R = 16.866 from
Ref. 7 was used with Ref. § and a value of §, /R = 15.402 was used with Ref. 8.

Table 4 gives a breakdown of the contribution to v, 4, 3, c,, and ¢, from each of the
three factors in the partition function. In particular the contribution from the intermo-
lecular potential shows the extent of the deviation from an ideal gas.

Selected graphs of the data irom Tables 2 and 3 are presented in Figs. 1 through 7
and in Appendix B. The constant entropy data was calculated using Eq. (18) from which
the entropy s, for any gas State may be calculated. Any other state s, with the same
entropy may be obtained by specifying, one of the state variables and :teratmg Eq. (18)
for the other state variable until s = s .

3
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Table 1
Hydrogen Constants

Constant Value Ref. Page

4 0.8317x 10"? joules/°K/kg-mole 10 3437
or 1,9869 cal/°K/g-mole

n 2.016 kg/kg-mole 10 582
N, 6.0248% 10%* /mole 10 3437
o 2.928x10°% ¢cm 11 1110
rax 28 3.287x10°% cm - -~
by = 12/3)m N2 44.795 cm?® - -
€/k 37°K 11 1110
Ye 0.577215665 10 12
6,, 6315.5°K 12 468
a, 3.0864/cm 14 352
B, 60.848/cm 14 352
D, 0.04644/cm 14 352
H, 0.0000497/cm 13 109
a, = hea,/k 4.411°K - -
B, = heB,/k 87.54°K - -
D, = heD,’k 0.06681°K - -
H. = heH, /k 0.0000715°K - -
Paas 14 - -
T, 0.02603 12 468
v, 0.0000667 13 532
he/k 1.4388 em-°K 10 3437

R L Dy

ai ~; J‘vv...t»"x ﬁ%ﬁi fﬁ’ﬁvwﬁmm‘%ﬁ b i
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Table 2
Selected Properties of Hydrogen
TEMPERATYIE CENSITY (AMAGATS
TREGRES <}

i. 4. 20, 3. 49, »8. i6¢. 350, 28%. 284
Sa3.  PiATH) 1.8330 18,.43% 87,204 6. 398 75.273 95. /89 200,40 RN 1 439,90 576.84
I 1. 2ua9 toulidl 1.uléy 1.527% 1.0449 i.0%44 1.095% 1.347# i.287% i.240%
£¥s 2-2198 2.325¢ .82 2.5240 2.5248 z.5287 2.3384 2.5487 2.%%9¢ 2.5732
L2ed 3.3195 3.5240 3.580% 3.5237 3.3220 3.5228 3.527% 3. 8048 3. %437 35943
L*/2y 1. 3948 1.389861 1.39%3 1.3%48 3.3939 1,333 i.3893 1.3889 1,384 1.3824
AiRIS  1.6947 1.2121 1,227 1. 7422 1.757% 1.772% 1,858 1.9741 2.0200 2.19%7

€08, wafay 2.2977 22.148 <, a2 47,888 DI.%97 318,77 2¢0.14 377.02 24,43 99,48
z 1.0ug9 1.u0EY 10104 1.8271 1.8388 10454 1.093% 1.1459 1,190 1.2543
TYsR 2.5277 2.%294 2:%318 2.5328 Z.3347 2.5385 2.8440 2.5%68 2.%685 2.3777
cat 3.%27% 3.8276 3,578 3.8288 35083 3.5287 3,531 3.%383 38428 A.5%9%
Sy L. 3486 1.304? 1.3V 1.392¢ 1.3%20 1.3012 1.38a7 1.383% 1.3803 i.3774
ai42%)  i.8e80 1.8743 i.8V0s 1.9086 1.922% 1.959¢ 2.8238 2,218 7,205 7.2901

706,  PrAtu)  7.9833 23,838 52.12¢ 18.848 108.10 133.88 27%.7e ¢38.01 $32.37 an1.39
2z 1.0009 1.u048 1.0177 1.926% 1,0357 1.0449 1.0924 1.142% 1.19%% 1.2%17
cvrd 28416 2.%42¢ 7.584a 2.3484 2.5482 2.35¢00 2,%%92 2.9489 2.5792 2.5899
c2s3 3.5412 3,5450 3.5408 3. 2408 3.5408 3.540¢ 3.5422 3,549 3.549¢ 3,5557
[LF 1,3934 1:3929 1,391% 1.390% 1.3895% 1,388 4,380 1. 3800 1. 3782 1.3729
ATK2§)  2.p074 2.0226 2,039 2.9587 2.0748 2.9v1s 2.180% 2.2733 2,3790 2.4707

L1108 PeATRY  2.929% 29,523 28,532 #0.118 323.19 1%2.81 319,28 $80.5% &97.87 ¥1z2.68

1 1.9u69 1.udde 1.017% 1.0262 1.0352 1.0042 1.0908 1.1403 1,1922 1.2472
Cvs2 Z.9034 PEs 1 134 2,5684 2.%9682 2.%7¢c8 2.5718 2.5%08 z.390) 2.6002 2.4307
£2r3 $5.5083% 3.5820 ERTPT 3.962% 3.5019 3.5818 3.9619 53,5638 3,5%407 3.2713

C373y 1.3900 1.3891 1,388 1.387¢ 1.3886 1.3849 1.3802 1.37%8 1,377 1.3879
4IK75) P.1434 2.3%93 2,117y 2.1950 2,213 2.2313 2.3P48 2.4217 2.%227 2.0272

00, PIATH)  §.286 38,209 a6, 982 101,34 136.27 171.80 358,72 882,00 783,50 1623.2
4 1.gugs 3.anes 1,011 1.0258 3.9348 1.0435 1.0884 1.1328 1.1890 1.242°
(A 2:5943 22938 2.5974 2.5991 2.8008 2.4692% 2.48113 2.6208 2.6363 7.4488
c3/8 3.5%%3 3.2935 3.5938 3,5926 3.5922 3.3913 3,9910 3.5017 3.3038 3.3973
€270y 1.,38%4 1,384¢ 1,388 1.3822 1.3s12 1.3862 1.37%2 1.3786 1.3483 1.3623
AKPS3  2.2e606 2.2001 2.30944 2.3253 2,382 2.3810 2.4%82 2.5588 2.8837 2.7727

1008, PiATMI 3. K617 30,894 4, 40y 112.5% 151,34 1%0.78 398,08 23.27 887,80 11333
H 1.0und L. o0d4 i.R18e 3.025% 1.8343 1.042% 1,088t 1,1357 1.1859 1,2390
Cyr 2.4332 2.8347 2,8383 2.6379 2.4398 2.6413 2.449% 2.6%90 2.5685 2.8785
€22 3.6530 3.0323 3.e31? 36311 3.4308 3.8301 3.8286 3.6284 3,8297 3.6322
C?s2v 1.3797 1.3747 13776 1.3783 3.373¢ 1.3744 1.35693 1.3648 1,3e02 1,3%81
AR 2.3874 2.8045 2,4237 2.4430 2,4962¢ 2.442¢ 2.302) 7,005 22,7944 2.8074

o

ey

1200, #ATH) 43940 44,263 89,254 134,07 184.4% 228.04 a7e.42 745,37 1836.8 1352.0

z 1.0608 1.u082 1.0164 1.0248 1.0332 1.0417 1.08%6 1,312 1.1808 1.2318
C¥sd 238717 2.729% 2,.730% 2.7323% 2.733% 2.73%5 2.743% 2.7528 2,717 2.7743 L
C2/3 3.7274 3. 1208 33,7258 3, 72%¢0 3.7243 1,7256 3.7210 3,749 33,7198 3.7208
€2 /3y 1.300% 1.382% 1,3644 1.3633 1,3623 1.3812 1.3%81 1.3%13 1.3469 1.3426 3

RIK?5)  2.6U27 2.8208% 2.0431 Z.8618 2.0822 2.702% 2.8008 2.9191 3.0333 3.131¢

1400,  WIATE) 5.1242 51,630 104,08 157,38 11.52 244,93 554,93 860,98 1204.4 1569,3 4
H 1.0008 1.0008 l.p168 1,0242 1.0324 1.0467 1.083% 1.1784 1.17%? 1.22%%
[A 7L ] 2.8330 2.0333 2:8340 2.8364 2.8380 2.8398 2.8477 2.9581 2.88e% 2.8742
(474 3.8217 S.u308 3.8298 3.8288 3. 4280 3.8272 3.8230 3.8217 3.8208 3.82%0
Cosiy  1.3530 1.3%24 1.3%1¢ 1.349% 1.3s88 1.3476 1.3428 1.3 11,3338 51.32%4
AtK>s)  2.7972 2.918Y 2,0378 2.85% 2.4000% 2.902% 3.0133 3.1284 J.2477 3.371%

-

3600,  PiATHMY 5.3984 58,998 118.91 179.77 261.37 304.3% 633,13 o818 1373,9 1795.3
1 1.0u08  1.0878  1.6857  1.9238  1.0317 1,939 1,015 1,134 3,171, 3.2199 1
cv/r 2.93%3 2,934 2,939 2.9394 2.9412 2.9427 2.950¢ 2.9568 2.%67% 2.9743
coysa 3.03%0 3.e348 3,9320 3.931¢ 3.9310 3.9300 3.9241 ¥.9234 3,9218 3.9212
Cos0y  1.3406 1.33% 1.338 1.3374 1.338% 1.335% 1.3388 1.3260 1,328 1.5179
AIRPS) 2,978 2,994 4,018 3.8408 3.0632 3.0098 3,2012 3.3207 3,4445 3.5728

1309.0 1538.0 2¢09.3
1.1237 1,172 1.2140
3.0968 3.4433 3.8720
4,0189 4.0107 4.01%

1808, PlATRI  &.3936 66,359 133,73 207.14 211,39 342.11
2 1.0008 1.u07¢ 1.0154 1.0231 1.0530 1.038¢
s 3.6320 3,038 3,0348 L.h3e3 3.037¢ 3,039
crra 4,0337 «,9307 4,9299 4,3284 §,0274 4,084

b Coply  1.3297 1.3788 1,3278 1.1248 1.32%98 1.3242 1.3200 1,193 1.4113 1.3072 F]
ALKPS)  3.1443 3.1647 $,.1878 83,2197 3,233 3.8 3.37¢6 3,501 30279 5.7603 <
2000, PiaTw)  7,3224 18,722 148.5% 22¢,%1 301.80 379.8% T89.00 12%9.8 17039 2214 .4 %
2 1.0007 1.u078 1,015 1.9227 1.0304 1.0382 1.0783 1.1207 1.1843 1.219%
Cvra 3.1200 3313 3.1227 3,124 3.12%¢ 3.2 3.1348 3.1424 3.1%0% 3.18% i
casa d.1187 4,1186 4,117 44,1163 1.11%1 4,114 4,109 4,105 4.103) 4,1017
€*/Cy  1.3204 1.9195 1,3188 1.3174 1.3188 1.31%58 1.3110 1.3086 1,302e 1.2984
aqx®s)  3.3c27 3,325 $,3474 3,372 3.3951 34192 3.942% 3. 8093 3.8007 31,9348 b

-500. PraThs  9.13382 92,13% 185,58 280.32 375,54 474.0% 3.2 1328.9 2116.6 2746.3
i 1.6007 1.0022 1.0149 L] 1.62%2 1.0368 1.87%0 1.13%1 1,197¢ 1.2019
Cvs 3,709 31,3042 3.30s% 14 $,5973 3,.3087 3. % 3.3233 3.3 3.3300
(4 ¥ ] 4.3047 ., 3003 4.2992 4,2%80 &, 2968 4.39%8 4,290 ..2882 .2429 42005
cosly 1.3028 1,303 1.301¢8 1,3001 1.2v9d 1.2983 1.203¢ 1.2397 1,209 1.2820

! A(KPS)  3.8008 3, 8901 3.715% $, 7407 3. 7862 3.7%4(8 .02 4.0577 44,1072 4.3413 i

3908,  Ptatm)  10.98¢ 110.92 422,58 33e.20 451.40 J88.20 11769 14728.% 2527.) 32749
: Z 1.0007 1.00e8 1.0140 1.0210 1,0282 10334 1.6723 1.1109 1.1%12 1.1933
i cv/3 3, 0438 3.4421 3, 4838 3. 4848 3.4461 3.4473 3.4544 3.4613 3.4009 34768 ]
i crsa 4,0407 48308 . 1 4.4348 €, 4356 4.434a 4. 4280 4,424}
Coylv 1.2v9% 1,2897 1.2080 1,2880 1.2074 1,280 1.2021 1.278 1.2743 1.2%7
A(K®5)  3,9987 4 2 ., 0420 4,073 4,1024 4,128 4. 2689 44,4008 4,5%3) 4,708

4,4205 4.4178

{Table continues)
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508,

$08.

re0.

L1111

1608,

1208,

1400,

16490,

18910,

2000,

2500.

3000,

TEMPERATURE
{DESREE X}

weATn)

2z

cv st
cr/ie
cesly
ATE®S)

P(ATH}
4
Cor
CRsx
trriv
A(R#;

P{ATH]

1
cysx
cosr
Cosrly
4{KRg)

PLATH
2

[ 4]
Cask
[4 7447
aixh§)

SIATA)
2

Cvik
Cos
casly
dru2g)

YA
i

Cys?
2]
CR e
(XS

PrATHY

Z
Cvsd
cas3
Ca2sly
{35}

2{AaTm)

z
L/
Casn
€270y
AgXPS)

Peatu)
2

Curd
g2/
T8y
A(X®S)

RiaTH)

i
Cvs®
Caza
cosly
ACK®S)

Piatus
2

Cvr2
casa
Cosow
a(adg)

PFraTE)

H

Cys2
Cas3
Coslv
A(KPg)

Biatm)
4

Cv/3
Cas3
Casiy
Agmdg)

300,

12% ,0a
31,3228
2.5834
3.5684
1.38408
2.2033

867.2%
1.318%
. 580¢
31,5881
1.37a8
2.3989%

1097,3
1.3110
2.8043
3.5632
1.3898
2.578?

1146.7
1.308e
2.6218
3.5773
1.3045
Z.7373

1284,2
1.3898
2.8913
3.50G21
1.3588
2.8882

421 ,4
.298¢
L6890
La36y
1
L32%¢

P

10937

b A Rt

3. u?

2498,
1.2048
3.0010
€.0158
1.3033
3.8973

2788.7
1.2290
Y1678
4.0t
1.2vae
8,577

X621 .9
1.2470
3,387
4,2/90
1.¢783
4.4v02

Aul4 e

12077
4.gogn

852,

. v2
1. 3864
2,596
3.%807
§$:379%
&.,3012

1881,2
1,387
2.6839
3,372
3.372e
2,%4930

1231,
1.473%
2.8133
1.9723
1.3689
2.4852

1458,3
1.308%
2.8334
3.5847
1.3613
2,953

1587 7
1.3603
2.882¢
3.6082
1,3551
5.6043

1734,
1,354
2.7000
3.84.2
1,3488
3,1460

2083 .¢
1,3429
2.29:¢
3,287
1, 3349
1.402¢

23099
1,333
2.8939
3.8248
1,3214
3.8330

2/13,6
1.3245
2.9993
3.9232
1.3048
3. 8435

425,12
1.5188
3,990
a.y310d
1.2996
4, vl

33248
1. 3099
31774
44,1014
1.2910
A.2882

4140, 4
1.2994
3.3%60
42797
1.24748
4.0840

avyg. 6
1.283%
3

486,

1047.8
314582
2:,8100
3,5%s
1,3784
2.4838

272,y
1.4494
2,815%
3,584
3.370%
2.4417

14258
1.4408
2. 4268
3.5828
31,3643
2.7983

1678,
1,432
2,6458
3,538
1.3%8%
Z.970¢

1878,y
1.424¢
2,874
3,615
1,351
3.1222

e813.%
1.4108
2,711%
3,848
1.3452
3.,272¢

2484.¢
1.,4031
2,B028
3,733
1.3312
5,555m

2850.9
1.39313
£.w04e
3.8288
1.318a
$.7732

32353.3
1.3408
3.00%%
3,927
1,3082
3.9883

E TN
13714
3,1002
e, p188
1,298n
1862

39%0.3
1,363
3, 188%
4,100%
1,2878
4,379

92X, 9
1,349
3,2849
4. 278
1.27%4
4.B0ly

2848, 7
1,337
3.50612
4,4134
1,2608
>.1888
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Table 2 {Continued)
DENG}TY (AMagat)
430, L1-1-N €00, res. 1.1 L BN 1cae.

136t .3 14733 1997.8 2%34.9 3gzz.? 4043.2 $62¢.}
1.%322 1.0189 17837 1.979% 2.2971 24887 2.74%7
2,4248 2.6490 Z.6738 2.711% 2.78%; 2.8041 2.8%98
3,610 3.adsp 3.878% 3.731¢% 3.7034 3, 8648 3.94%8
1.3 13748 1.37%% 1.3781 1.3769 1.378; 1.3786
Z2.%104 t.h222 Z.8418 53,1248 J.av22 3,720 4. 0781

1583.% 17540 2327, 3007, 3 3sie.8 477%.0 5924.5
1.5218 1.9v88 1,%67e 1.9574 2.173% 2.4:89 2.6983
Z.82%0 7.5437 Z.87%% .71 2.,7827 2.798¢ 2.958%
3.598% 3.6246 3. 8319 3.4962 3.7478 3,8074 3.8255
1,3688 1,3672 i.3847 1.382% 1,385 3,340¢ 1,3%9%
T.72%2 2.8437 3.0%97e 32,3747 3.8772 4,9098 4. 3747

1742.7 2081.1 248¢%,3 3446%.3 4313 .9 5485.5 $792,3
1.%132 1.5882 1.75%01 1.9332 2.144% 2. 3820 2.6321
2.83%¢ 2.6%3% 2.6843 2.7187 2.71872 Z.800% 2-8492
3.5%4% 3.608¢ 3.6400 3.8719 }.7323 3,713 3.8332
1.38620 1.3%58 1.3543 1,3%z8 £.330¢ 1.3475% i. 3452
2,9183 3.0425 3.307a 3.%933 3.vs2¢ 4,287 4, 8352

1977.1 2353.8 3045,2 3921 .4 4857.2 §182.5 1632.9
1,5011 1.5742 1.7348 1.9139 2.117% 2,347¢0 2.6078
2.46586 2.6722 Z2.7832 2.734% 2.7712 2,8122 2.8581
3.6037 3.6153 3.5426 3.47%¢ 3,75ds 31,7593 3.8187
1.3555 1.352% 1.3443 1.3¢43 3.540¢ 1.3358 1.3333
3,093% 3.2229 3.4978 3.7970 4,128 4,4790 4. 8600

zi0.1 23733 33959 4385, 6 5%589,2 €458 ¢ 8453,2
1.4916 1.5430 i.7i88 1.8940 2.0914 2.5143 2.5888
2,6870 2,700t Z.728% 2.7601 2,795 2.8342 2.8777
3. 6248 3. 6344 3.6585% 3,687 3,7218 35,7817 3.8a73
1.3e89 31,3480 1.3438 1.3368 1.333% 1,3273 1.330
3.2%51 3,384 3.4719 3,98¢0¢0 4,315 4,6802 5.0784

2443, 0 i840,3 3742.2 4883.3 40%y .5 7520.6 %2%0.7
1.4828 1.582% 1.7067 1.8758 Z.087% 2.2839 2.%20¢4
2.723%6 2.7364 2.7¢38 2.7942 2.827% 2,80%3 7.9088
3, 8550 3.e838 3.6049 3.7169 3.7417 3,377 3. b186
1.3420 1.338¢ 1.3333 1.328¢0 1.323 1.3184 1.3137
33,4043 3.54;33 3.8313% 4,3484 4,4915% 4 Bbay b,270&

2897.5 3362.6 44239 $882.0 ?112.3 881t.% 10804
i.4086 1.533% 1.6794 1.8423 Z2.0248 22,2300 2.4508
Z.8183 2.8283 2.8322 2. 8887 2,9121 2,9467 2.9848
3,737 3.7830 3. 7608 33,7820 3.857¢ 38373 3. 871

1.,327% 1.3248 1.318% 1,3129 1,.3p74 11,3022 1,299
3.6739 3.8173 4.1218 4.4502 €.8073 S, 1938 3. 813«
33481 3385.6 50935 6502. ¢ #1471 10084, 12307,
3.452¢8 1.5172 1.6574 1.8138 1.9882 2,.1836 z.4028

2.9154 2.9269 2.99;:% 2.978% 3.0p80 3,0404 3. 0760

3.8324 3.837% S.8217 3.8693 3.8808 3.9180 3. e85y
1.3748 1.3112 1.30%¢ 1.2993 1.203% 1.288¢ 1.282%
3, 9148 4,0635 4.3787 4.719a 5.0886 5, 4843 3. 0148
37939 4398 .4 $75%,4 7329.0 fi61.1 11297, 13272,
1.4402 1.5827 1.8581 1.7888 1.98487 2,1433 2.3526
3.0188 3. 0271 3,057 3.0764 3.1p044 3,135 3.1888
3.9293 3.9338 3. veav 3.9599 3.9783 4.0002 4. 0254
1.3027 1.299% 1.2v51 1.2872 1.281% 1.2760 1.2708
4.13e% LOFT 1Y .. 8178 4, 9627 5.339% 5,747y 6. 1871
42357 4906 .1 6405, 2 83433 10158. 12494, 15204,

1.4293 1,4899 1.6210 1.7864 1.9280 2.1080 z. 5087
3.1105 3. 1211 3.1438 3. 1684 3.19%3 3,2294% 3.2%2
4.0707 4 3242 4.0338 4.0486 *.0827 (1IN 4.2042
1.2907¢ 1.2883 1.2831 1.2772 1.271% 1,288% 1.2604
4 338% 4,4983 4.8298 5.1879 %.53736 5.9897 8,837
“674.0 Se0%.3 70%¢6.1 &947,¢0 i11s0, 13676, 16609
1.419% 1.478% 1.6058 1.7487 1.9038 2,0764 2.260%9
EECTY 3.2087 3.2288 3.2%74 3.2782 3.3081 3. 3364
4.104% 4.1073 4.1154 .. 1280 4.1407 4,1%78 41777
1.2843 1.260% 1.2747 1.2648 1.28312 1.25%8 1.252)
%,5301 4,469y 5.0326 . 3587 3.792¢0 8, 2192 b.6708
57%7.% 8851.3 46373 10920. 12544 185¢ .. 20027,
1.3988 1.,4%44 L.973w 1.705% 1.8509 2.8 13 2.18%
3.3742 3.3838 3, 40482 3.4262 3. 4409 3,475y 3.503¢
4.2791 $.z007 4.20880 4. 2944 ¢, 3047 4.3178 431334
1.2082 1,285 1.2%%0 1,253 1.2478 1.2424 1.237¢
4. 9674 5.137¢ 3,449 5.47%s b.2475 ©.7289 ?.1984
&A826.8 18753 10198 128%2. 15889, 19364, 21540,
1.3822 1.4350 1.% 1.8727 3.8n68 1.9802 2.126%
1.5300 Vsie 3.520e 3.5590 3.5811 3.0049 31.8305
4,413 ‘4141 4. 4378 4.4235 e a7 .. 8877 4.4548
1.257e 1.2543 1.740% 1.2429 1.217% 1,247 1.2
5.3602 $.5372 S.9088 &.303%5 8.7293 7.1823 7.6872

(Table continues)
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Table 2 (Continued)

TEAPERA YUK BENSITY canmARaAtT?
1atingE <)
1108, 1289, 1388, 140y, 1560, 1608, 1788, 1860, 108, 2040,
$9g,  FisTmr A1E3.N PRes g €270 31302, 13741, 16441, 0271, 24431, 29968, 36923,
i. 1 3.9788 30633 3,901 e 5.9077 $.7028 ».3183 74804 §.8212 . 0425
. Cx/h Z.¥d3s #.9%02 I8 il 3,476 3.287% 3. 4168 3.5%676 37441 3.9%17 4.1974
[ c#/s % giny 4,434 .33 4. 3953 4.3%238 4.3381 4,933 5,118 $.4208 %.732¢6
ig CPISY 134853 1.583% 103042 1.58%1 1. 3852 1.3845 1.452% 1.3787 1.3733 1. 3494
P ALKPE: 4. 4035 4, 8801 23484 v. 8030 &, 4854 ¥.1135 7.8370 §, 0409 4, 58%7 16.378
N 388, #catay  3798,0 8929.3 igsts, 13288, 19014, 19398, 3407, 22489, 3448y, [31 11
i 1 30186 3.2082 LD S L4d 4,797 43638 2.522? 6.7938 7.1998 8.269% ®.5400
tos Ces3 Z2.99%% 20180 3,053 S.548¢ b I-1339 3, 3%7 34904 3.445% 3,828 4,378
HE (4 FL 1 3.953¢ 4. 0499 4,1403 . 2528 4.5%93 4.52%7 £,.49%0 4. 8801 5.478% 5.3174
[ ooty 1.308¢ 1.957% 1.3% 1.3548 $.3%32 1,347 1.3422 1.3357 1.3273 1.3171
Lo ALKRS)  &.7783 S 187 37070 &, 048 (3% 2114 T.5084 B340 2.06%8 ®.989) I11.928
5
Fet.  PLATAY  E3BY.H 19181, A3, 14038, 38138, 23908, 26448, 331833, 39586, andse.
. 4 2.9887 3.3127 $.7173 . 1830 4.721% b, 3464 %.0744 $.9278 18.5add $.5358

(4 28] 2.9043 2.9482 3218347 3.5187 3.2079 33128 3.431% 3.5088 3.727% 3.9104
c2/8 3.8987 3.v71358 4,058% 4.1338 A.2804 4, 3883 4.5159 4. 4604 4, 8388 Yoh29e
Er/ly 1.342% 1.3397 13348 13327 1.3281 1.322% 1.3152 1.3878 L1, @978 1-2881
- AtReS)  5,0590 $.3837 ®.007y .559¢9 T 1783 7.9485 8.5941 9.42%7 is, 352 11,388

¥
[ $30.  PCATM} #3317 1131, 13815, 16782, 20347, 4268, 29214, ELTI 47355, 5107%.
H H 2-9b4as 3.2432 318308 4,075 €.5809 93,1824 5.8711 &. 8747 7.8143 8.72%%
: Cvlr 2.009Y 2.9800 3,037 $.1087 3.1%02 3.2v85 3.3928 3.51%7 3.6562 3.9373
: co/n 3. 8089 3.9344 4,h88¢ 4.6983 41822 4.2047 4.3981 4.530¢ 4, hed0 1.8278
cosy g 3297 §e3228 1.321% 1.3104 1.218% 1.3043 1.2068 1.787% 1,211 1.2447
! FS1 LTI 1T 5. 2402 »,2723 . 8353 7.4334 B.1398 8950 $.7337 10,664 15,008

TGO, PILTRY  3u3d4, 13961, %701, 18335, 2u064, ZA%310. J1428. 3ez2nz, 4387, 95142,
4 2.8%30 3,179 3,891 3.97273 4. 4870 5.5318 5.68%% 5,445 7.3326 $.3731
Gy/sx 2.9%04 Z2.v80¢ 3,5418 3,1304 3,187 32748 3.372% 3. 484y 3,4103 3.753)

: C2sa 3.85%8 3.1z S,98%y 4, 0548 4.1349 4,7242 4.3231 +,432% 4.3537 4,.8878
¢ CRely  1,.3187 1.41%1 31,3091 1.363% 1,292 1.2%0¢ 1.2817 1.2727 1,2013 3. 2409
¢ Atx98} 93,5133 5. ¥8v0 8,309¢ 7.001% T.7098 #,4057 9.162% 10.00% 19.%38 11.973
1096, PLatiel 13299, 13897, 18943, 19%10. 23938, 28458, 34356, 41682, 9196, 54999,

H 2.55653 $,1198 S.4779 3.88729 4.3%%9 4.89%0 5,817 &.2302 7.0771 A.087%

C¥s 2.9539 3.upes 3.p81A 3.1260 33979 3.2744 3.3688 3 4704 1,989 3.7142
(424 3. 8480 a.nn 3,979 4. 33%8 4.1113 44,1993 4.2769 4.3234 4,4773 £.5924
CPsIv 13099 33038 1,7%8% 1.39%28 1.29%8 1.27a1 1.269% 1.25%8 1.2489 1-2384
A(NF§) 5,713 »,.19%71 . 7798 7,3043 7.9388 $.4338 ¢.4628 12.248 11.182 12.718

1360, PoatHs gS14r, 12487, 18315, 2292q, vy, 32718, 3sede. 46478, 5387, asa2e,
2 .72 3.u15% 4, 3454 3.7298 a,3028 “.857) 5.2268 5. 8833 &.4393 7.91%2
cesn 5.6270 3.0737 4,1293 3,182 3.2401 3.3187 3.3981 3,0823 3.579¢ 3.687)

L g i e e e

cesn 3,9098 3.¥528 4,087 4,693 4.1319 4.178% 4,2448 4, 1306 44022 . 4997
Coiy  1.2%16 1.2860 1,2801 1.27%7 1.2687 1.2%89 1.2503 1.2097 1.2299 1.2t79
ANPS)  E.0% o, 2630 2.1364 T.86987 8.34318 *.047> 9,8212 10,871 11.408 12.837
1008, Pialn)y (4927, LTv8a, NI, 378, 30727, 38343, 3409, 51500, #3131, 72%27,

F 4 2.84092 2,920 3.2458 3.9958 3.9992 44380 4. 9042 5.5864 *, 2734 2.4797
Cusd 3.1151 3.1541 3.2054 3.237% 3.3348 3.3780 3.447) 3.%24% 3,6091 3.7933
chya 3.9719 4.u0147 *.0%0a 4,102 4,1492 §.2024 4.2608 4,3771 4, 3884 4,458
Ch/Sy 1,277 1.2722 1.20%2 1.2%87 1.2%37 1,044 1.235% 1,2783 1,2188 1.204%
AtR*S) &, 3437 o 0004 7. 4300 $.8341 B.4%10 $.4035 10.187 11.03% 13.978 iz.998

1806,  Satar jhéke. 20023, 230%: 28837, 33903, (TR 7577, 6238, 00307, r8818.
z 2:.9972 2.83u8 3.1473 34821 3.0610 4.2910 4, 7804 5.3391 5.9791 s.7149
Cwsa 3. 282 3.263 324891 3.3372 3.3808 D.8a74 3.519% 3.5795 3.45%0 37873
casa 4.0%4C o v 1214 “,1882 +,2025 4.2081 €.2972 4. 3497 €, 4058 4. 4042
Cassy  1.2048 1.2%9% 1.2%3e s.2488 1.2397 1.2323 1.2241 1.2182 1,20%3 1.1943
AR?S)  $.6030 T.1%84 7.7378 8.,343¢ *.003) 9.712 10.584 11,356 12,293 1d.317

100, PaaTa)  qddda. a4, 20283, 3199, 56983, a3, 51549, [T 14 L% 7363, 54389,
2 2.5331 2.7943 $.0pes 3. 7439 6,189 48082 5.3986 %.7247 .4071
Cyrt 3.290% 3,524 3.3697 3,4633 3.518% 3.5744 3.4375 3,105 a.7e00
(3 L) 4.1289 44,1978 4,1898 1.2804 4.3u83 &, 343y 4, Ingd 4.83583 ., 8803
Cryly  1.2%48 1.249% 1.2432 1 1.2301 1.2429 1.21%¢ 1.2n0% 1.397 1.1468
A(RPS)  $.9253 },0444 $.010% 8.6234 5.200% 10,012 1A, 797 11.6%3 12.580 13.407

e s

2008, Aratmt 20009, w37, 8493 3378, 399032, 4708%. 35423, #3158, 74350, 900
2 2.4933 2.7260 2,995 3.2980 3.0382 40447 4,855 .97 $,35060 6.1430
TR 3.31894 5.4033 J.oaden 3.4801 3.3319 3.8013 3.4333 3.093% 3.7%04 3.8242
Crrd 4.2003 ., 2237 4,253 4.2842 +.3173 4,.3228 4,380 4,430 4,477a 4.51%8
Casiv 1.2464 1.2439 1.23>1 1.226% 1.2229 1.23154 1.2078 1.199% 1.1%04 1.1908
[YTAS TEERET LY ] 7.4937 2,2040 8.8028 .5%529 18,279 11,088 13.92% 12,858 13.874

33z, 39094, 47032, 33164, 44375, 75482, [LITTN 102879,
Z.8%07 3.1233 3,4280 3,768 4,1%29 4.%47 3.07T7 5.0230
3,599 3,838 34766 3.7307 3. Tas0 3,457 3. 088 3.9235
€2/ 4.3512 4,393¢ 4,417% 4,434 4.4713 4.5007 4. 5318 4,563 4.99%8
co/3y 3.230? 1,2206 1,2148 1.2084 1.2v21 1.1981 3.1878 1.179% 1.1797
A{RRS)  T.Tved 8.4492 B,83%8 ¢, 40081 10,1427 10,881 13.878 17.%3% 13,487 16.47%

%00 Peate) 28017,
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Table 3 {Continued)

RELATIYE TwtEmnsl BUERGY 4D CMTHALAY (CiLOFIES/GN-RALE) A%D AEi&TIVE €2 FeFrY

TExPERatuRE DENSITYIAMAGAT)
12EGAEE o)

1883, 19dq. 1788, 1738, y80¢ . 1883, 1560, 1456, 7885,
388, y-ul 13787, 1HUAS, 14334, 1e33E, 3545, 18726, 17018, 172e4, 17939,
] 34385, 34BN, JebES,  ITHIS,  I8PEY. 4Q8ed,  4Z1RS. &37eD. 434S,
i858 /R -2.0361 42,6331 -Z2.7182 -Z.79%3 7. ME2E  -2.9a4831 -3.5993 -3.:1338 -3.2189
488, U-UR 13914, 18893, 1826a .  1e4m%. 168TE. ia%2e,  1)isa. 1reze.  17a¥y.
w-nh 34627, 35748, 3a%2g. 38184, 34521, ARSI, 42444, g42e4. 4BTA¥.
(3-800/8 ~2.3252 -2.6040 -2.584% 2,049 -2 8530 -2.9383 -3.51%8 .5 1034 -3 187
1628, y-ub 16863, jedea. 18433, iesde. 1eBYE. 17677, 17318, 17973, 17844,
Hesd 34336, IPEPS,  IIBE. IReDS3,  3P2RI. Sidie, 2272, eslil. 2s8es,
($-881/8 7. 4995 -2.5732 -2.637% -7.7487 -2,4236 -2.%a67 -2.9900 -3,9738 -3.387%
244%¢. u~uld 1621, i6d%a, 14584, 16788, 1783, 11281, 12473 17731, 180393,
neny 3%13s. 18298, 374%2. 38719, cagel. 491496 e30Gs. a1, 48336
{3-SBI/R ~2.4080 -2.3463 -2.8093 -2.711& 7. 0384 -2.8773 -F.9BQ4 .3 4637 31273
2008, gk 14383, hsad, 18738, 14948, 17156, 17385, 1728, 17887, 18362,
neMg 33386, JeFLe. 3I714. SEeAE. 40334, 417a8. 3286, eed01.  4s8de.
($-300/8 7. 4338 <7 5183 <2 4N <2.8B38 27433 r2.8481 -2.9310 .3 31€1 -3.0¢7%
N8 . u-up 16312, 10693, 16887, 17982, 1730¥%, 17939, 17383, 18943, e3¢
H=ND Iseis. 3874, 37977, 3983,  4p40s. apgay, S3504. ATLEG.  As8LY,
(B-SRICR 2,483 <2.6887 <2311F oR.4341 =2.718% 42,8190 -2.%417 .2 9847 -3 578
708, uUsue e84, 19843, 1793, 17944, 17482, 17693, 17¢s8. 18199, L LELN
NeNE 35892, 37832, 39239, RLiR N 40878, 43317, B384s. 48473, 4rivy,
($-381/0 -7 3790 -2,4833  -2.%438 -2.62%4 -2.7078 -2.7907 -2.8727 -2.93%¢ -1.038e
; 2728, u-ue 16812, 1AFPS,  1ViVa.  L7IMA. 17815, A7B47.  18E%4. 18306, iB634,
i H=¥E IHLEE,.  IFZRE.  JOEZ. IRIRE.  alaF. 42597, ssids.  ediSs.  e7eps,

: 3-S5t/ -2.3%47 E.433% 201854 -2.8873 -2 4784 7. 7415 -2.8438 -7 %268 <3 D092

2740, u-ud 18942, 17184, 17342, 317348, 17738 14332, 16244, 1879,

Lot 38a9p, yraa8, g6, 40982, asers. 42882, Setus. a . 41277,
1$-SEI/R ~2.3248  -7.4830 =2.087% -2.35892 .7 4510 ~2.733% ~2.818% .2, 0%75 -2, %5
e, - 1713, 17297, 174Wa, 872, 17922, 18154, 10T, SRRAT. 18049,
Lot ] 346633, 37808, A983a. 44318, 41688, 43142, 44403, 4$32¢. a06h,
IS-SRISR c2.TWN8 17 581 2 0307 -2.5413 2.422% <7.7847 -2.7867 -7 489 -2 9312
2788, u-v 17282, 17448, 17448, 37494, 18076, 18341, K8S8L.  1492%. 19107
M-l 38887, P I 4938 41939, 43437, 44905, AebE8. €233

S2.9139  <2.3956 -2.47& -2.7580 ~2.8404 -2.9226
18487, 18250, 18444 . 18716, 18082,

iB-SEIsR -2.2003 -3 3887

80, peue 17412, 1750e,

Hend 37141, lE3n1, I A0WSY, 42238,  SJ4B2.  A3264. 42,
(S-B417K -2.2021  -2.32%4 ~2.4048 -2.4839  -2.%872 -2.8e87 -2.7303 -2.M121
028, u-ue 17863, 177810 17%%e. 18161, B304, 18421, 138727, tende,
W-ud 37419, 3OBYY.  IRBIL. 45117, 42338, A3egT, 43823, aniYs,
1S-%4)/®  -2.2157 -2.3943  -2.5773 -2.4584 -2,33%6 -2.420% -3.7023 .2.783¢
2049, uU-ut 127313, $Te02. 18182, 18316, 18538, v, 19029, 19297,

37468, 3AR37.  SRTI. 41383, 4RV74. 4442, 4283, <T4eD,
“2.1084  -7,2095 -2.3%@2 -2.4312 -2.7M122 -2.9433 <2.474% -2 7%

e8. v-ue 17864, 18994, 181883, 18447, L8493, 14832, 18188, 19484,

neng 37822, 39893, 4038, 41448, 43060, 48334,  €epBL. 47243,

(3-8UI/R -2 1817 -2 2425 <2 3233 ~2.4041  -2.484%  -2.96%0 -7.644% -2.7207

080, y-ut 1881, 18208, 18688, 18e21. 18847, 38887, 19341. 18431,
HoN 38176, 39332, 4829, 1SN, S3M31. A4re9, 4a38T.  ape27, 19,
-3 (S-BBirR  -F.5382 ~3.21%F -2.294% -1.3771 -2_¢578 -2 9384 -2.419% 2. 7308 -2.7H18
FL2 1N 1418, 18338 18560, 10178, 19607 . 19243, 18698, 19749, 200587,

3843y, 3% 400598, 43180, 43981 . [L3TE N 48838, «33108. 50084,
< 108%  -2.58%0  -2.75609 -2.3503 -72.430% -2.%11% ~2.%922 7.4731 -2.7%2

1928, u-ud 18318, 18%30. 18713, 17187, 19408 19927, 28213,
HeMe 38804 yese). a1y, .. 438%0. 46018, 42593, 3a372,
13-361/0  -2.0827  -2.34831 ~2.2634 «7.3237 -7.ap41 ~3.5831 -2 o438 2. 7247

" 1080, y-v0 18488, 10842, 18847, 18482, 19312, 19811, ELEIL N
LES 1] J&e3T, 10128, 43302, 41m2. 4412¢, ar194. SA8%Y,
1S-SU/R -7.0%87 <2.1348% 2,217y =2.2972 -7.3174 -2.9382 =2.699%

2000, u-ut ise2e, 19737, 19487, 28%33.
n-"E LI N 42977, ceive, LA LT
13-S4)/0 ~2.190% -2.270¢ 2,339 -3.5134 -7.4723

80, u-y 14964, 1#173. 29301 19422, 20138, 20400, anee?,
wang 48049, 44908, 43243, 44040 47753, ansey. 31234,
(3-8 /R -2,0850  -2.14e% -7 2448 -2 3247 ~2.4887 .2 3430 -2.88%4

2028). 29189, PA8%) .
48031, 49724, 1921,
“2.4%8) -2 330 -2 eils

Ja0e,  u-ue
: L]
! 3-80y/m

19129, 9422, %348 9,
o
2.3




fie

NRL REPORT 6675 35 0
Table 4 w5
Selected Hydrogen Properties and the Portions Thereof A

Contributed by Fach Energy Factor iy

RENSITY « $:QU0 {ARAGAT)

VELUME ¢ Z0428.00 {CC/MBLE)Y
TiK) PLATH) U/RTY R/RY  (5-803/8R Cvan .94} :
500, 1,83 2,452 3.45) 1.50¢9 z2.52¢ 3.549 TeT4L

1.%an 2.50¢8 0.%07 1.500 2,500 TRANSLATIBN
u,0p0 0.npy o.0n0 g.nn¢4 9.000 PAYENTIAL

0,942 8,852 v.en2 1,04y 1.019  viBRZsRSY
686, 2.20 2,454 3,485 1.949 2.574 3,528 T18T4L
1.%n0 2.5p0 1.1480 1.580 2,500 TRANSLATIBN

0,800 8.001 0,620 g.000 0.000 PBYENTIAL
U,954 5.984 8,789 1.02% 1.028 VIBR/RBY

800, 2.9 2.484 3.484 2,700 2,583 3.%63 T18TAL
t.50¢0 2.500 1.842 1.508 2.500 TRANSLATIBN
o.0n 0.001 0,000 0.000 -0.000 PBTENTIAL
u,933 0,983 1,049 1.088 1,063 VIBR/REY
1000, 3.6 2,504 3.507 3.27% 2.633 3.6833 TOT4L
1.5190 2.500 1.946 1.50¢ 2:500 TRANSLATION
0,000 8,001 g.onn 0.060 -8,080 POTENTIAL

1,008 1,886 1.333 1.134 1,133 VIAR/RAT

1200, 4,39 2,535 3.53¢8 3.747 2.728 3.727 18TAL
1.50n ?2.500 2.220 1.500 2.500 TRANSLATIEN
b,u0n 0,001 0,000 0.00u -0.000 PATENTIAL
1.435 1.03% 1,547 1.224 1,228 vimasrey

1500, 5.4% 2.58¢ 3.593 4,393 2.884 3.884 T1BTaL
1.500 2.500 2.554 1.580 2.500 TRANSLATION
a.00n0 g.001% g.000 Q.00G -0,000 PBYENTIAL
1,089 1,089 1.838 1.384 1,384 vyv]BR/RAT

2000, 7.32 2,893 J. 694 5,256 3.120 4,120 T8TAL
1.50n 2.580 2.988 1.504U 2,500 TRANSLATION
8,006 0.001 6.000 0.000 ~-0,000 PBYENTIAL
1.193 1.193 2.270 1.820 1,620 VIBa/R8Y

2500. 9,15 2.794 3.798 5.973 3.382 4,302 T18TAL
1.5%an 2.5¢0¢ 3.371 1.580 2.500 TRANSLAT!ABN
¢,00n 0.06Y o.080 G.00¢ ~0.000 SBTENTIAL
1,2¢38 1.298 2.6%52 1.802 1.802 VIRR/RET

3000, 16,98 2.0804 1_895 8.588 3,443 4,441 TBTAL
1.5n0 2.5p0 1.5604 1.500 2.500 TRANSLATIBN
¢,0no a.0p2 g.ang 0.000 -0,000 PATENTIAL
1,304 1.304 2.993 1.941 1.941 viBR/KBTY

{Table continues)
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Table 1 (Continued)

15.00 (AMagAY)
2242,80 (CL/MBLES
PLATR ysRt H/RT  {(§-50317R  Qusn CRIR
18,46 2,452 3,462 -0.88% 2,923 3.%2¢0
1,500 2,568 -1.396 1.%00 2,800
8,00 4,040 3,087 8,602 8,00%
0,952 0.952 0,402 1,049 1,049
22,15 2.46% J.473 -3.34% 2.529% 3.528
1,508 2.588  -1.123 i.588 2.588
8,001 0.040 -0.087 0,382 0.D0R
0,964 0,964 f.78% 1,028 1,028
29,52 2,484  3.493 0.3%1  2,.56>  3,%6)
1.500 2.500 -0.e91 1.500 2.%00
6,000 0,010 -p.0n7 Q.082 -0.000
0,983  0.983 1.089 1.088 1,063}
38,89 2,507  3.51% 0.970 2.63> 3,832
1,500 2.509 -0.386 1.500 2.500
0,001 0.010 -0.006 0,002 -0,001
1.008 1.006 1.353  1.338  1.133
44,26 2,536 3.544 1.459 2.7y 3,27
1.%00 2.500 -g.083 1.508 2.500
0,08t 0,006% 8,006 0.002 ~0.00%
1,038 1,03% 1.547 1,228 1,228
55,31 2.%%n 3,592 2.084 2,886 3,883
1,500 2,500 0.2%2 1.%00 2,580
0.08t  0.00% -6.086 0.002 -0.00%1
1.080 1,089 1.838 1,384 1. 384
73,97 2.695 3,702 2.948 3,121 4,149
1,500 2.500 0.683 1.500 2.500
0,001 6.n0% -0.00% 0.001 0,001
1,103 1,193 2,270 1,832V 1,820
92,13 2,799 3.808 3,683 3,303 4,300
1,500 2.500 1,048 1.500 2,500
6.0 0,009 -0.00% 0,001 -3,00%
1,298 1.298 2.652 1,802 1.302
110,52 2.89%  3.902 4,280 3.442 4,439
1.%¢0 2.500 1.262 1.%00 2.500
8,001 06.008 -0.005 0,001 .0.001
1,304 1,394 2.953 1,941 1.941

e I R

TaTal
TRANSLATIGN
PETENT AL
VISR/RET

TOTAL
TRANSLATISN
PATENTIAL
¥IBR/ROT

TEYTAL
TRANSLATIEN
PAYENT AL
VIBR/ROT

TOTAL
TRANSLATIGN
POTENT 1AL
¥IBR/ROY

T8TAL
TRANSLATISN
PRTENTIAL
¥IBR/RBY

TeTAL
TRANSLATIEN
PITENTIAL
VIBR/ROT

TaTAL
TRANSLATION
PBYENTIAL
vIBa/sReT

T8TAL
TRANSLATIEN
PETENTIAL
VIBR/RBY

TATAL
TRANSLATION
PATENT 1AL
VIBR/RBTY

{Table continues)
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Table 4 {Continued)

PENSITY = 180,00 (ahaBaTy
VBLUME = 224,28 (CC/¥BLEY

Tik) PratTm) UsRY H/RT {5-503/R Cvrsu cP/R

580. 260,40 2,453 3,5%4 -3.181 2.538 3,528 1eTAL
1,509 2,500 -3,459 1,589 2.500 TRANSLATISN
9,807 §.1072 -G,045 8,049 Q,009 PEYENTIAL
4,952 0,952 5,862 1.,0%% 1,019 V[BRA/REY

600, 240,14 2,473 3.5a7 -2.748 2.540 3.532 78Tl
1.200 2.%40 ~-3.42% 1.588 2,500 TRANSLATIBN
0,009 g.103 -G, 0R1 G.0%4 0.004 PITENTIAL
0,364 B.964 o,789 1.028 1.028 vI8BR/RET

acn. 319,28 Z2.495 3,58% -1, 983 2.561 $.562 TETAL
1,500 2.500 ~2.994 1.584 2.500 TRANSLATISKR
0,011 0,102 -G. 878 0,018 -3,001 POTENTIAL
0,983 0.983 1.089 1.083 1,063 viBR/RST

1g00, 34YR, 08 2,518 3.606 ~1.399 2.650 3,829 TOTAL
1.500 2.500 ~2.659 1.5609 2.500 TRANSLATIBN
6,017 o.108 -g0.a872 0.817 -0,004 PYTENTIAL
1.006 1.006 1.333 1,438 1.133 V]BR/RSY

12¢6, 476.62 2.5%48 3,833 -0.907  2.744 3,724 TeTaL
1.500 L5800 -2,385  1.%500 2,500 TRANSLATIEN
0.8{3 5.099 ~0.06% 0.006 0,007 PBYENTIAL
1,035 1,035 1.547 1,228 1,228 VIBR/RSY

1500, 594,0% 2,603 3.685 ~0.279 2.900 3,876 TaTAL
1.908 ?2.%08 -2.051 1.500 2.500 TRANSLATIBN
6,014 0,096 -0.068 0,016 -0,.009 PBTENTIAL
1,089 1,089 1.838 1.33¢ 1.384 viBrR/REY

2000« 789,00 2.707 3,786 0,589  3.13> 4,109 teTAL
1.500 2500 -1.619  1.500 2.500 TRANSLATIBN
0.014 6,092 -0.06% 0.0t -0,010 PBTENTIAL
1.103 +,193 2.270 1.820 1,620 Vv]@R/REY

2500, gRY 24 2.842 J.B87 1,302 3,345 4,290 TOTAL
1.90n0 ?-500 -1.,285 1.500 2,500 TRANSLATIGN
G, 014 0,089 -0,0%8 0,014 «(,011 PBTENTIAL
1,798 1.298 2,6%2 1,802 1.802 vigasder

3a0a. 1176,92 2,908 3,930 1,928 3,454 4,429 718Tal
1.%00 2.500 1,011 1,500 2,500 TRaANSLATIBN
U.%¢4¢ p,n8é -0.056 0.0%4 -0,012 PRYENTIAL
1,304 1.394 2,993 1.941 1.941 VISR/RBT

{Talle continues)
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Table 4 {Continued)

DENSITY = 380,00 (ANAGAT)
VELURE » 44,86 (CC/MBLE)

Tin) BEATH) usat HART  (S<8031/R CusR (£ 2.
540, 1473, 47 2,498 4,187 =5.3183 Z2.440 3,634
1,560 2.588 ~5,308 1.80¢ 2,500

C,.0as B.65%8 -0.47% ¢.12¢ 0.11%

0.982 o,.9%2 $.682  1.019 1,019

600, 1754, 44 2.521 £,119 ~-4,.703 2.648 3,61%
1,500 2,308 -5,0%% 1.880 2,808

0,087 D.6%4 -0,488 0,140 U, 087

0,984 0,954 0.78% 1.902% 1,028

[ 11N 2303,.84 2,554 4,128 3,940 2.872 3.61%
1.500 2.3500 -4,603 1.580 2.%00

0,07¢ 0,845 -0,42% f.109 0,082

o.98% 0,083 1,089 1,063 1,063

1000, 2840.07 2.584 4,136 -3.337 2.73¢ 3,844
1.500 2.500 4,288 1.500 2,500

8,078 9,630 -3.402 0,103 0,031

1,808 4,006 1,333 1,133 (133

1200, 3366,86% 2,856 4,158 2,838 2,826 3,744
1.508 2.500 3,993  1.3060 2,800

8.082 0.01% -0.383  0.09%  0,0t6

1,038 1.03% 1.547 1.22¥ 1.228

1500, 4142,7% 2,873 4,183 ~2.184 2.978 3,886
1.%08 2.5%00 ~3.660 1.980 2.%00

8,088 0,594 -0.362 0.083 ¢,002

1.089 1.0a¢% 1.838 1.384 1,384

2000. S489,27 2,779 4. 2% -3.295 3,287 4,307
1.580 2.%00 -3.229 1.%00 2.S500

0,084 0.56¢ -0.338 0.087 ~-0,012

1,193 1,193 2.270 1.620 1,620

2500, 6851, 34 2,843 4,338 ~0,559 J.s84 4,283
4.500 2.5%508 -2.894 1.500 2,500

0,088 0,540 -3.317 0.882 .G,021%

1.298 1,298 2.852 1.802 1,802

3000, 7873.26 2.978 4,413 0.070 3.549  4.444
1.500 2.%50¢ ~2.420 1.500 2,800

.08% 0,520 -3.302 0,078 -0,027

1,394 1,304 2.993  1.941 1,941

TTAL
TRANSLATIGN
POTENTIAL
VIBR/REY

TBTAL
TRANSLATION
PRTENTIAL
viansRrey

18TaL
TRANSLATIGN
POTENTIAL
VIBR/REY

T8TAL
TRANSLATIOK
PRTENTIAL
VIBR/REY

TOVAL
TRANSLATION
POTENTIAL
¥IBR/RRY

TaTAL
TRANSLATION
POTENTIAL
YIBR/RBY

TOTAL
TRANSLATION
PRTENTIAL
VIBRIRST

TeTaL
TRANSLATION
PRTENTIAL
vIBR/ROY

T8TAL
TRANSLATION
POTENTIAL
viBR/RET

{Table continues}
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Table 4 (Continued}

DENSITY = 1000,00 {(4MaBaTy
VELUME = 22,43 (CC/4BLEY

Tens PLATHY usay H/RT  (S-S03/R  CysR PR -

508, 5022.73 2,57¢ 5.,32% -6.526 2.88U 3.9486 TBTAY
1.%00 2.%08 -$,001 t.500 2,800 TRANSLATISN
0,427  1.873 “$.127  0.340 2,426 PRIENTIAL
6,952 0,952 6,802 1,0%8% 1,019 VIBRsREY

600, 5924,50 2,825 5,324 ~6,00%9 2.851 3.876 TRTAL
1,500 2.500 -5,.728 1.58¢ 2.500 TRANSLATIEN
0,188 1.868 -1.088 0,328 3,348 PBTENTIAL
0,964 0.944 c.78% 1.028 1,028 vI8RsREY

850, 832,92 2,687 5,289 -5,185  2.3%8 3,841 TETAL
1.500 2,500 -5,296 1.560 2.%00 TRANSLAYIGN
6,198 1,886 0,977 0.29% 0,247 PBYENTIAL
0,983 0,983 1,08% 1.088 1,083 VvIBR/RBY

1000, $250,74 2,724 5.250 -4.,543  Z2.687 3,819  TATaL
1,500 2.4%00 ~4.982 1.508 2.500 TRANSLATIEN
0,213 1,744 -0.914 0.274 0.188 PBTENTIAL
1,066 1.008 1.333 1.134 1,133 viB#sReY

1200, 40803.7¢6 2,758 5.219 ~-4.008 2.94> 3,871 TeTaL
1,500 2.50¢ -4,688 1.500 2.500 TRANSLATION
0,224 1.684 ~G.866 8.2%7 0.144 PBTENTIAL
1.038 1.035% 1.547 1.228 1,228 VIBR/RBY

1500. 13044,09 2.8317 5.194 ~3.326 3.12s8 3,965 TETAL
1.500 ?2.508 -4,353 1.560 2.500 TRANSLATI@N
09,228 1.805 -6.830 0.239 G.101 POTENTIAL
1,089 1,089 1.838 1,304 1.384 VIBR/REY

2000, 318809.46 2,921 5.191 -2.397 3.338 4,178 tBvTAL
1.50n8 2.500 -3.922 1.%400 2.560 TRANSLATIBN
6,228 1.408 -0,745 6.247 6.058 PATENYIaAL
1,193 1.193 z2.270 1.620 1.620 vieasrey

2500, 20027.49 3,022  5.23¢ -1.634 3.5038 4,333 veTaL
1.500 2.51¢6 -3.587 1,500 2.500 TRANSLATISN
6,224 1,414 -0.698 0,201 D.032 PETENTIAL
1,208 1.298 2.682 1.802 1,802 v]BR/RST

3000, 23336,58 3,113 5.239 -0.983 3.630 4,455 THTAL
1,560 2.500 -3.314  1.580 2.500 TRANSLATIGN
0,219 1.3:6 -0.463 0.190 0,048 POTENTIAL
1,394 1.394 2.5%03 1.941 1.941 VIBR/ROT

{Table continues)
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ENSITY s 1500.00
BLUME v 14,95
TiK} PiatTH}
580, 13741,2%
600, 16014,28
800, 20148,93
1090, 23955.11
1200, 274089,.02
1500, 32330,88
2000, 39932,48
2%00. 47032.0¢
3800, 53784,38

BAKER, GEATCHES, AND SWIFT

Table 4 {Continued)

tAMRCAT)

tCC/mMBLEY

YIRT ®/RT  (R-S0/% tv/R
2.%44 ¥.752 -7 547 3,288
1.5%00 Z.500 -4 ,4087 1.5%00
0.293 4,300 -2.043 0.7¢64
9,982 0.952 0.682  1.049
2.83¢ 7.694 -7.252 3.24%
1,500 2,800 “$,133 1,580
0,387 4,234 -1.987 0,744
n,954 0,944 g.789 1.0%8
2.926 7.3 -6.328 3,190
1.%80 2,508 5,782 1.500
0,442 4,034 1,745 0,627
o,98% 0.983 1,089 1,088
2,979 7.334 -5.816 3.198
1.%00 2.508 -5.347 1.580
0.473 1.82% ~1.582 0.54%
1.008 1,004 1.333 1.133
3,049 7.18¢ -5,029 3. 240
.58 2.%00 -5.404 1.500
Q.48s 3,646 ~1,483 0.519
$,038 1.03% 1.547 1.228
X078 7.002 -4,204 3.3%2
1.500 2.5040 4,789 1.580
6,486 3,443 ~1.,373 0,448
1,889 1,089 1.838 1.384
3,167  6.85% -3.364  3.%32
1.500 2.500 -4.327  1.%8¢
0.474 3,112 -1.247  0.442
1.193 1.193 2.270 1.620
3,258 8,683 -2.5%00 3.677
$.5800 2.500 -3.993 1.560
D.457 2.885 -1.,199 0,37
$£.298 1,298 2.6%2 1.88%
3.33% 6,602 -1.849 3,789
4,528 2.50% -3,7¢%  1.s80
0,441 2,708 -1,003 0,348
1,394 1,394 2.993 1,941

CP/R

4,854

TE8TsL
TRANSLATION
PRTENTIAL
VIRR/RST

18TakL
TRANSLATION
FOTENY AL
VIBR/RBT

TOTAL
TRANSLATLIAN
FBTENTIAL
v1BR/RBY

vaval
TRANSLATION
POTENTIAL
VIBR/RET

THIAL
TRANSLATISN
PRTENTIAL
VIBR/RBY

TOTAL
TRANSLATION
POTENTIAL
V1BR/RET

T8TAL
TRANSLATION
PBYENTIAL
vIBR/RAY

TOTAL
TRANSLATIEN
PATENTIAL
VIBR/REY

TEYAL
TRANSLATIBN
PBTENTIAL
vI8R/RET

{Table continues)
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Table 4 (Continued)

DENSITY = 2000
11

O faMin.TYy
VBLLME = i

(CC/RpLE)Y
TiK?} Prave} UIRT H/RT  {$-503/8 Cv/iR CR/R

500, 346522.48 3,868  13,5%8 9,547 d.197 £.733 oYL
£.500 2.500 -5,5%4 1.500 2.500 TRANSLATION
0,658 9,836 5,445 1.678 2,243 POTENTIAL
4,957 0,952 0.6082 t,.8%% 1.649 VviBR/RSY

660, 418R8.72% $,276 12,848 -8,.7%8¢ 4,087 5,317 T0TaL
1.500 2.%00 -6.42% 1.500 2.500 TRANSLATISN

8,812 9,352 ~-3.124 1.54¢0 1,790 POTENTIAL

0,952 0 o054 9,789 1.828 1,028 YIBR/RS?
800, Si1g74.86 3,435 12,988 -7.528 3,847 4,828 TCOTAL

1.506  2.508 ~5.989  1.500 Z.%08 TRANSLATION

8,952 8,677 -2.727 1,254 1.265 POTERTIAL

8,983 0,983 1.08¢ 1.083 1.063 vigr/Rot

1000, 58559,29 3. %00 $:.5%8 -6,789 3.714 4,892 10Ts)
1.580 2.508 -5,85% 1.560 2.500  TRANSLATIGN
0,964 8.052 2,467 1.082 0.95% POTENTIAL
1,604 1,006 1,333 1.434 1.133  vIBR/ROTY

1200, 66024, ,48 3,533 11.052 -$,115 3,687 4.4%1 TOTaL
1.%00 2.500 -5.3182 i1.588 2,500 TYRANSLATIGN
6,998 7.547 -2,281% 6,980 0.763 POTENTIAL
1.035 1,03% 1,547 1,228 1.228 VvIBR/RET

1588, 7%618,20 3,586 10,455 5,290 3. 718 4,459 TOTaL
1,506  2.500 -5 046  1.%80 2.500 TRANSLATISN
0.977 6,866 ~2.082 2,834 0.575 POTENTIAL
1,089  £.089 1.838 1,384 1.384 viBR/RGT

20600, 89916.02 3,647 9,745 4,206 3,824 4,546 TOTAL
1.500 2.500 ~4,645 1,500 2,500 TRANSLATIAN
0,924 5.087 -1,88% 0.706 0,396 POTENTIAL
1,193 4.493 2.270 1.e20 1.620 vIBR/RSY

2500, 402878,.54 J. 689 9.293 ~-3,3472 3,920 4,598 TOTAL
1,500 2.500 -4,280 1.500 2,500 TRANSLATION
0,878 3.495 ~5.,7¢3 0,624 0.294 POTENTIAL
1,298 1.298 2.6%82 1.882 1.802 VIBR/RCT

3000, 114976,53 3,719 8,958 -2.641% 4.009 4,689 TYOTAL

1.500 2.5080 -4,807 1.500 2,500 TRANSLATIGN
g.82% 5.043 ~1.605 - 39-1.1.] 0,228 PCTENTIAL
1,394 1304 2.99) 1.9el 1.94% VIBR/RGT

%
g
%ﬁ
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Appendix &

MOLECULAR POTENTIAL CORRECTION TO
THERMODYNAMIC PROPERTIES

The purpose of this appendix i8 to develop the contributions of a dense gas io the
thermodynamic properties that are due {o the potential energy between the molecules.
The starting point is the following equation which links classical and statistical thermo-
dynamics:

pem(2ima) (a1

or

%: v (»im Q)r. (A2)

where ¢ is the total partition function.

Rowlinson* has suggested the following squation of stale for dense gases:

2
P, llf."" . {A3)
RT (1-6)*
where
8 ; 1 58
. R 1
=957 [Ivlzﬂzij .
in which
. £
T
and

= (52- - 1)! (2,3

with », being Euler's constant,

The volume dependent terms in the partition function are due to the translationa! and
potential energy of the molecule. The contribution of the potential energy alone can be
found by subtracting {rom the compressibility the contribution of the translational energy,
which is a constant and equal to one. Then, by substituting Eq. (A3} into Eq. (A2) and in-
tegrating, the partition function associated with the potential energy idenoted by the sub-
script p) may be obtained as follows:

*J. S. Rowlinson, "An Equation of State of Gases at High Temperatures and Densities,”
Mol, Phys, 7(Na. 14):349-361 {1963-1964).

42
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it-2fe £h S [ = ) [ d (A4)
-1 - ER RIS R -
-t {1- 43¢t L ;0 \dE tn Q?)r'
since
dy E L
T
thus,
fac}y  a:
% i',lr =

Then integrating Eq. {A4):

J ;’ (A5}
i
the results are
”QP:M“‘@“{;‘::—H*% a5
Qr
Q = (1-51e”? ti1-fitan g -

The total partition function can now be obtained by muitiplying ¢, by those factors asso-
ciated with the other types of energy to be considered.

The contribution 1o the thermodynamic properties of a dense gas due to the potential
energy between the molecules can now be obtained using the {ollowing statistical thermo-
dynamic equations:

u /"‘InQ\
A R S {A8)
B O\Sinr/, HZ-D
where
~.l’r1 . Glz) H
T 4{ (1 F(z)\j
T 12
and
[ALE 2 I -zgf.
dx
Ay v iR (A9)
Lo L [Z L s ot -
" RT (RT l) JreanZ-gy
“r 3 3 (A10)

: s lr @, HZ-1) s = e T e dn (1=

3"
3
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where

and

and

BAKER, GCATCHES, AND SWIFT

“r 1 *ZZ'
o LB . - ( - ._..__)
7 R(BT) H|Z-15 |1 + ¢ 71

o \

T d¢
D = =
* @ dT

, §az
z T

Ze e L, (M) (i) R mi-ezh?
R (w, ar PlT ez

1.

(All)

(A12)




Appendix B

GRAPHS OF SELECTED THERMODYNAMIC
PRUPERTIES OF HYDROGEN

W — .
i CLAUSHIS,
s0 VAN der WAALS,

AXD BERTHELOT

Fig. Bl - Comparison of Rowlinson equation of

. state with other well-known equations of state
" ROWLINSON with initial gas state of 16 atm and 290°K
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Fig. B2 - Specific heat at constant pressure
Vs temperature for constant density
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SOUND SPEED (hm/wnc)
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BAKER, GEATCHES, AND SWIFT

L PRESSURE
b \k‘\ {sim)
N 166,000
L
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- 25,000
- 10,000
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- // i
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500 1000 1800 2000 2200 3000
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TEMPERATURE ("X}

Fig, B3 - Sound speed vs temperature
for constant pressure
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Fig. B4 - Pressure vs density
for constant entropy
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